Abstract: Objective Alzheimer's disease (AD) is one of the most important neurodegenerative disorders. It is characterized by dementia including defi cits in learning and memory. The present study aimed to evaluate the effects of aqueous extract of lavender (Lavandula angustifolia) on spatial performance of AD rats. Methods Male Wistar rats were fi rst divided into control and AD groups. Rat model of AD was established by intracerebroventricular injection of 10 g A1-42 20 d prior to administration of the lavender extract. Rats in both groups were then introduced to 2 stages of task learning (with an interval of 20 d) in Morris water maze, each followed by one probe test. After the fi rst stage of spatial learning, control and AD animals received different doses (50, 100 and 200 mg/kg) of the lavender extract. Results In the fi rst stage of experiment, the latency to locate the hidden platform in AD group was signifi cantly higher than that in control group. However, in the second stage of experiment, control and AD rats that received distilled water (vehicle) showed similar performance, indicating that the maze navigation itself could improve the spatial learning of AD animals. Besides, in the second stage of experiment, control and AD rats that received lavender extract administration at different doses (50, 100, and 200 mg/ kg) spent less time locating the platform (except for the AD rats with 50 mg/kg extract treatment), as compared with their counterparts with vehicle treatment, respectively. In addition, lavender extract signifi cantly improved the performance of control and AD rats in the probe test, only at the dose of 200 mg/kg, as compared with their counterparts with vehicle treatment. Conclusion The lavender extract can effectively reverse spatial learning defi cits in AD rats.
Introduction
Alzheimer's disease (AD) is known as an irretrievable age-related neurodegenerative disease [1] . There are 2 forms of AD, including early onset AD that is related with genetic factors, and late onset common form of disease [2] that is associated with aging [3] . AD is characterized by intracellular accumulation of neurofibrillary tangles (NFTs) and extracellular deposition of beta amyloid (A) plaques [4] . NFTs are aggregates of hyperphosphorylated tau protein [5] that form paired helical filaments and related straight fi laments [6] . Extracellular A is a proteolytic product of amyloid precursor protein (APP) by  and  secretases [7] . A is also a toxic pro-infl ammatory agent that causes neuroinfl ammation in brain [8] . Infl ammatory events are mediated by activation of microglial cells that contribute to neurodegenerative processes such as those occurring in AD [9] .
Inflammatory mediators [10] , defect in cholinergic transmission [11] and glutamate-induced neurotoxicity [12] 100 have been demonstrated to be involved in AD. The clinical symptoms of AD lie in mainly memory impairment and loss of spatial memory [12, 13] .
Memory function is likely to be formed by numerous discrete neural networks that can be disrupted by the pathophysiological processes in AD [14] . The hippocampus, a well-known brain region involved in memory consolidation, is especially susceptible to AD. Indeed, early degenerative symptoms including significant deficits in the performance of hippocampal-dependent cognitive abilities such as spatial learning and memory have been reported [15] .
Lavandula angustifolia (lavender), commonly known as "Ostokhoddus" in Iran, is a strongly aromatic sub-shrub at the Mediterranean region [16] . It grows to approximately 0.9 m high. The leaves are evergreen, and the fresh fl ower tops of this plant are usually used for extract preparation [17] .
Lavender extracts display antioxidant [18] and acetylcholinesterase (AChE) activities [19] . Lavender is also reported to be an effective medical plant in treating infl ammation, depression, stress and headache [17, 20] . Aromatherapy using lavender for agitation intervation is an aspect of dementia treatment [21] . Inhibitory effects of lavender on glutamate-induced neurotoxicity have been reported [19] .
Based on these fi ndings, it is assumed that lavender extract may alleviate dementia in some neurodegenerative disorders such as AD. Hence, in the present study, the effect of the lavender extract on spatial performance of AD rats was evaluated in Morris water maze.
Materials and methods

Animals
A total number of 80 male Wistar rats, weighing 220280 g, were employed in the present study.
The animals were kept under a 12:12 h light/dark cycle at constant temperature, with free access to food and water.
The subjects were fi rst divided into control group and AD group. Each group was further subdivided into 4 subgroups (n=9 in each subgroup). (1092) were kept. and AE200 subgroups, respectively). All the animals were injected at a volume of 0.4 mL/kg body weight. The treatment was conducted once per day for 20 consecutive days. were performed via an automated processor. The brain was sectioned and stained by Congo red according to the previous report [22] . As shown in Fig. 1 , the staining verifi ed the formation of A plaque in the hippocampal area of brain in Aβ-treated animals. as an index of spatial task learning.
Establishment of AD model
Extract administration
Histological observation
Apparatus
Probe test
In both the first and the second stages of the experiments (described below), a probe test was conducted after completion of 20 trials of spatial task learning, to evaluate the retrieval of spatial memory. In the probe test, the platform was removed from the pool, and the animals were released from the quadrant opposite to the platform place (the target quadrant) and allowed to swim freely for 90 s. The time spent in the target quadrant of the water maze was measured in the spatial memory retrieval trials. Table 1 showed the detailed experimental procedures including Aβ injection, lavender extract administration and behavioral tests.
Two stages of task learning
Statistical analysis Data of the latency in task learn-
ing and the time elapsed in the target quadrant of the water 
Results
Difference in the performance between control
and AD rats in the fi rst stage of experiment Since the rats introduced to the fi rst stage of maze learning did not receive the herbal extract, data from all animals in the control group were collected for statistical assessment. Also, data from all AD rats were used for analysis. As shown in As illustrated in Fig. 2B , in contrast to the fi rst stage, the COV and ALZV animals showed a similarity in the maze performance especially from the third day of experiment.
The post test indicated no signifi cant variation between the 2 groups (P=0.919).
Positive effect of the lavender extract on the spatial
performance during the second stage of maze learning Fig. 4A , animals in CE50, CE100 and CE200 subgroups spent less time locating the hidden platform, as compared with the COV rats (P < 0.000 1 vs CE50 and CE100; P=0.002 vs CE200),
Control groups As shown in
indicating that the lavender extract could positively infl uence the behaviors of the control animals in acquisition of the maze task.
AD groups
Analysis of covariance applied to the mean latency to fi nd the platform demonstrated that there was no significant difference in the spatial performance between the AE50 subgroup and the vehicle-treated ALZV Fig. 5A and B, respectively.
Discussion
AD is associated with loss of cognition and mild impairment in memory [23] . The present study evaluated the effect of extract prepared from Lavandula angustifolia on spatial maze performance. In the fi rst stage of task learning, the control and the AD rats displayed different performances in learning the spatial task. The AD animals spent more time in locating the hidden platform in task learning. This variation was maintained over the fi rst stage of experiment. Such a difference was not observed during the second stage when COV and ALZV animals showed a similarity in maze performance. This is consistent with some previous retrospective [24, 25] and prospective longitudinal [23, 26] studies that support the hypothesis that in- creased use of cognitive skills and higher levels of education can protect against the development of AD. However, epidemiological studies cannot determine which activities or the combination of them are more important [27] .
Here administration of the lavender extract greatly infl uenced the cognitive performance of the 2 groups during the second stage of water maze searching. However, while the positive effects of the 3 doses of the extract were observed in the control group, performance of the AD rats was improved only at the doses of 100 and 200 mg/kg. In the retrieval test, the lavender-treated animals in both control and AD groups demonstrated a tendency of better function in memory consolidation. However, the improvement was significant only at the highest dose. A broad array of infl ammatory mediators have been detected in AD brains [13] . Lavender is reported to be an effective medical plant in treating infl ammation, depression, stress and headache [18] . Specifically, the anti-inflammatory effect of lavender extract has been revealed in the study of
Hajhashemi V et al. [20] . Thus, we propose that the protective effect of lavender extract against AD dementia might be attributed to its anti-infl ammatory property.
Based on the cholinergic hypothesis, AD patients may have defects in cholinergic system, which is associated with memory and learning [14] . Indeed, increasing the level of acetylcholine (ACh) in the brain may be an effective therapy for AD treatment. Consistently, one of the important treatments for AD is inhibition of AChE, an enzyme responsible for the hydrolysis of Ach and promotes Aβ formation [19, 28] . Effective inhibitory action of lavender extract on AChE has been demonstrated [19, 29] .
Thus, enhancement of cholinergic transmission may serve as another possible mechanism underlying the effect of the extract on cognitive function of AD rats.
It has been shown that Aβ increases glutamate-induced excitotoxicity [15] . Indeed, through production of a specifi c protein, this peptide oxidizes glutamate transporter, resulting in concentration of neurotransmitter glutamate. Vigorous amounts of extracellular glutamate, in turn, over-activates its ionotopic receptors, leading to neural cell death [30] .
This cascade may support a link between functioning of glutamatergic transmission and synaptic damage in AD. It has been reported that aqueous extract of lavender reduces glutamate-induced neurotoxicity [19] . Hence, suppression of glutamatergic neurotoxicity may be also responsible for the alleviation of the cognitive defi cits in AD by the herbal medicine. 
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